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We studied the structure and magnetic properties of molecular-beam epitaxy grown 300 Å thick
Fe/Pt multilayers with different bilayer thickness and annealing temperature. The Fe/Pt multilayers
were deposited on 100 Å thick Pt buffer layers at 100 °C on Al2O3 ~0001! substrates. The structure
of as-deposited Fe/Pt films was fcc~111!. While the postannealing temperature >400 °C, an
additional FePt~100! orientation was observed. A large coercivity range, namely, 200–16 000 Oe can
be tuned by varying the bilayer thickness and annealing temperature. © 2004 American Institute of
Physics. @DOI: 10.1063/1.1687535#
I. INTRODUCTION
FePt films attracted attention recently because of the ap-
plication to perpendicular high-density magnetic
recording.1,2 Especially, L10 FePt~001! films display a large
perpendicular magnetic anisotropy ~PMA! constant, Ku
;(6.6– 10)3107 erg/cm3.3 The strength of PMA effect is
strongly correlated with the crystal orientation and L10 type
~CuAu-I! chemical ordering in FePt alloys. Usually, the
order-disorder transition temperature of FePt films is around
600 °C.4 Therefore, a postannealing procedure is required for
fabricating the L10-type FePt films. Therefore, many meth-
ods were developed to lower down the order-disorder transi-
tion temperature of L10 FePt films. In 1995, Sellmyer and
co-worker5 reported that the structural transformation tem-
perature as low as 300 °C can be obtained in sputter-grown
Fe/Pt multilayers. In 2002, Shima et al.6 prepared L10 FePt
alloy films by alternating Fe~001! and Pt~001! monatomic
layers at temperatures below 230 °C. Several other works
have been done on reducing the order-disorder transition
temperature of FePt films by addition of third elements,7 spe-
cial underlayer8–10 or ion irradiation.11
In this paper, we prepared 300 Å thick @Fe/Pt#n ~111!
multilayers on 100 Å thick Pt buffer layers on Al2O3 ~0001!
substrates by molecular-beam epitaxy ~MBE!. The thickness
of a single Fe ~Pt! layer was fixed at 6 Å, 8 Å, and 10 Å for
n525, 19, and 15, respectively. After deposition, the
samples were annealed at a temperature range from 200 °C
to 600 °C for 1 h. The crystal structure was studied by in situ
reflection high-energy electron diffraction ~RHEED! and ex
situ x-ray diffraction ~XRD!. The magnetic properties were
measured by a superconducting quantum interference device
at 27 °C.
II. EXPERIMENTAL PROCEDURE AND FILM
STRUCTURE
Al2O3 ~0001! substrates were first cleaned by alcohol
and acetone in an ultrasonic bath and then outgassed at
650 °C for 1 h in an Eiko EL-10A MBE deposition system.12
The Pt buffer layers were then deposited on the Al2O3
~0001! substrates at 600 °C via e-beam evaporation at a
deposition rate of around 0.05 Å/s. Figure 1~a! was the u-2u
XRD spectrum of 100 Å thick Pt buffer layers grown on
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FIG. 1. X-ray diffraction spectra of ~a! 100 Å thick Pt buffer layers and ~b!
as-deposited @Fe 10 Å/Pt 10 Å#15 films. ~c! and ~d! were the x-ray diffrac-
tion spectra of @Fe 10 Å/Pt 10 Å#15 films after annealing at 300 °C and
500 °C, respectively, for 1 h.
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Al2O3 ~0001! substrates. Pt layers formed fcc~111! structures
on Al2O3 ~0001! substrates as indicated by the diffraction
peak located at 2u539.69°. Moreover, the Laue oscillations
that are located beside Pt~111! revealed that the surface of
Pt~111! buffer layers was atomically flat.
Fe/Pt multilayers were then deposited on Pt buffer layers
at 100 °C via e-beam evaporation. The as-deposited Fe/Pt
films displayed a fcc~111! crystal structure as shown in Fig.
1~b! for the @Fe 10 Å/Pt 10 Å#15 case. The satellite peak,
indexed ‘‘S’’ in Fig. 1~b!, showed that a good layer structure
was obtained in Fe/Pt multilayers. Figures 1~c! and 1~d!
sketched the u-2u XRD spectra of @Fe 10 Å/Pt 10 Å#15 films
after annealing at 300 °C and 500 °C for 1 h, respectively.
There were two important phenomena that appeared in the
XRD spectra. The first one was that Pt buffer layers and
Fe/Pt multilayers interdiffused while annealing temperature
>500 °C as indicated by the peak shift and broadening of
Pt~111!. The other was bcc Fe~110! and disordered FePt~200!
peaks were observed while annealing temperature >400 °C.
The appearance of Fe~110! should be attributed to the Fe-rich
Fe/Pt multilayers. For @Fe 6 Å/Pt 6 Å#25 and
@Fe 8 Å/Pt 8 Å#19 samples, we also observed the same trend
in the XRD spectra. In contrast to the previous studies which
showed polycrystalline structures, e.g., Ref. 5, in this study,
Fe/Pt ~111! single-crystal multilayers were obtained and an
additional Fe~110! phase was observed under high tempera-
ture annealing.
Moreover, RHEED images displayed spotty and streaky
diffraction patterns for @Fe 6 Å/Pt 6 Å#25 and
@Fe 10 Å/Pt 10 Å#15 , respectively, as shown in Fig. 2. This
indicated that the layer structure of Fe/Pt multilayers was
getting rough while reducing the bilayer thickness.
III. MAGNETIC PROPERTIES
Figures 3~a! and 3~b! showed the hysteresis loops of
@Fe 6 Å/Pt 6 Å#25 and @Fe 10 Å/Pt 10 Å#15 multilayers, re-
spectively, after annealing at 300 °C for 1 h. A large in-plane
coercivity (HCi) of 7000 Oe was obtained in annealed
@Fe 6 Å/Pt 6 Å#15 samples. The out-of-plane hysteresis loop
showed that annealed @Fe 6 Å/Pt 6 Å#15 samples were com-
posed of magnetic soft and hard phases with coercivity
HC1;0 Oe and HC2;12 500 Oe, respectively. The appear-
ance of magnetic soft phases was due to the formation of Fe
bcc~110! phases and disordered FePt fcc~100! alloys under
annealing treatments. This magnetic behavior indicated that
soft magnetic phases were magnetically uncoupled with the
hard one. However, this two-step hysteresis behavior was not
observed in the previous reports, especially for Ref. 5. At the
same time, annealed @Fe 10 Å/Pt 10 Å#25 samples did not
display a magnetic hard behavior as shown in Fig. 3~b!.
Figures 4~a! and 4~b! depicted the in-plane coercivity
(HCi) and out-of-plane coercivity of magnetic hard phase
(HC2) of Fe/Pt multilayers as a function of annealing tem-
perature. The magnetic hard FePt phase appeared at 300 °C
for @Fe 6 Å/Pt 6 Å#25 and 400 °C for @Fe 10 Å/Pt 10 Å#15 .
Therefore, reducing the bilayer thickness can assist in the
formation of hard FePt phases at a low annealing tempera-
FIG. 2. RHEED images of the end surface of ~a! @Fe 6 Å/Pt 6 Å#25 and ~b!
@Fe 10 Å/Pt 10 Å#15 films.
FIG. 3. In-plane and out-of-plane hysteresis loops of ~a! @Fe 6 Å/Pt 6 Å#25
and ~b! @Fe 10 Å/Pt 10 Å#15 films.
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ture. Furthermore, a large coercivity range, namely, 200–
16 000 Oe can be tuned by varying the bilayer thickness and
annealing temperature. It is worth noting that the coercive
force obtained here was nearly twice as high as the reported
value in Ref. 5 under the same annealing temperature. In
Ref. 5, the researchers also observed disordered FePt phases
which should behave magnetically soft. However, the two-
step hysteresis behavior mentioned above was not observed.
This indicated that soft and hard magnetic phases were
strongly coupled in a polycrystalline Fe/Pt system. In con-
trast to our work on the ~111! single-crystal Fe/Pt multilay-
ers, the smaller coercive force observed in a polycrystalline
system seems to result by the advance magetic reversal of the
magnetic hard phase that coupled with the soft one.
IV. SUMMARY
We found that the coercivity of Fe/Pt~111! multilayers
increased as the annealing temperature was elevated. Reduc-
ing the bilayer thickness can assist in the formation of hard
FePt phases at a low annealing temperature ;300 °C for
@Fe 6 Å/Pt 6 Å#25 samples. A large coercivity of around
16 000 Oe can be obtained in fcc~111! @Fe 6Å/Pt 6 Å#25
multilayers after annealing at 400 °C for 1 h.
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FIG. 4. In-plane and out-of-plane coercivity of Fe/Pt multilayers as a func-
tion of annealing temperature.
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